BKiNCiLiK 


BAHflHHE  BbICOKHX  KOHUEHTPAUHft  NaCI 
HA  CTPyKTyPHO-<I>yHKUHOHAJIbHOE  COCTOflHHE 
THJIAKOHaHbIX  MEMBPAH  IIPOPOCTKOB  nUIEHHHbl 

CIO.CyJIEftMAHOB,  H.M.rYCEftHOBA,  3.A.AE/JYJIJ1AEBA,  ^.A.AJIHEB 
HHCTHTyT  6oTanHKH  HAH  A3ep6aHii*aiia 


OflHOH  H3  BaJKHeHIUHX  npo6jieM  COBpeMeHHOH  6ho- 
jiorHH  HBJiaeTCH  pacmH())poBKa  MexaHH3MOB  pea- 
rapOBaHHH  paCTHTeJIbHbIX  OpraHH3MOB  Ha  H3MeHeHHe 
ycjioBHft  hx  cymecTBOBaHHH,  oco6chho  Ha  aeHCTBne 
3KcrpeMajibHbix  (ftaioropoB,  BbnwBaiomHx  y  kjictok 
COCTOBHHe  crpecca.  CpeflH  aHMHTHpyiomHX  4>aKTOpOB 
npoflyKTHBHOCTH  pacreHHH  HaxoflHTca  3acojieHHe 
noHB,  KOTopoe  saTparaBaeT  iiohth  6ojibinHHCTBo  hx 
4>yHKKHH  [5].  IIo3TOMy  nojiyneHHe  t oaepaHTHbix  k  co- 
jieBOMy  crpeccy  ceabCKoxo38HCTBeHHbix  pacreHHH  6bi- 
ao  H  ocraeTCH  BaxcHeiimeii  3aaaneft  npaKTHHecKofi  ce- 
jieKUHH.  fljia  pemeHHa  stoh  npoOaeMbi  Heo6xoaHMo 
noapo6Hoe  noHHMaHHe  MOJieKyjiapHo-reHeTHHecKHX 
OCHOB  COJieyCTOHHHBOCTH  H  MexaHH3MOB  aaanTaiiHH 
pacreHHH  k  H36brncy  coaefi. 

A^anTHBHbie  npoueccw  BicaioHaioT  6hochhtc3 
ocMoreHHbix  BHyrpHKaeTOHHbix  BemecTB  [6],  H3MeHe- 
HHe  HOHHoro  TpaHcnopTa  h  MeTa6ojiHHecKHX  (})yH- 
KHHft  [23,13].  Oco6yio  aKTyaJibHOCTb  npHo6peTaioT 
HCCJieflOBaHHH,  HanpaBJieHHbie  Ha  H3yneHHe  aiccnpec- 
ch”  reHOB  h  6eJiKOB,  HHayunpyeMbix  noa  aeHCTBHeM 
BbICOKOfi  Kur.^eHTpaiIHH  COJ1H  H  BOBJieHeHHbIX  B 
npouecc  aflairramiH  pacTHTejibHoro  opraHH3Ma  [19], 
KOTopwe  Moryr  cayxcHTb  MapxepaMH  ycroHHHBOcTH 
pacreHHH  h  Hcnoab3yK>Tca  juih  co3aaHHa  TpaHcreHHbix 
coJieycTOHMHBbix  pacreHHH  [19,  16]. 

B  ycnoBHax  xaopHAHoro  3acoaeHHH  norjiomeHHe 
KJieTKaMH  HOHOB  H  HeHTpaJIH3aUHH  TOKCHHHOrO 
fleftcTBHa  hohob  Na*  H  CI‘  HBJiaeTca  HHTerpaabHbiM 
KOMHOHeHTOM  ocMCTHHCCKoro  peryaHpoBaHHS,  Heo6- 
xoOTMoro  fljia  a/ianTauHH  k  coaeBOMy  cTpeccy  [8,  7, 
20]  h  Ca*J  nrpaeT  (JjyHnaMeHTaabHyio  poab  b  stom 
npouecce  [12]. 

HineeTca  nmoTe3a,  hto  HOBbie  nojiHnerrrHflbi, 
HHnyunpyeMbie  npn  coaeBOM  crpecce,  BepoaTHo,  cbh- 
3biBaioTca  c  MeM6paHaMH,  hto6m  o6jierHHTb  pa6oTy 
HOHHoro  Hacoca  [16].  MHoro  H3BecrHO  o  reHax,  ot- 
BeTCTBeHHblX  3a  KOMnapTMeHTH3aiXHK)  HOHOB  [22,17]. 
Bo  Bcex  pacreHHax,  noa  ToaepaHTHocrbio  npeanoaa- 
raerca  noaaep*aHHe  npoAoaacHTeabHoro  MepHcreMa- 
THHCCKOrO  pocra  H  <J)OTOCHHTe3a. 

Hcxoaa  H3  Bbiine  roaoxceHHoro,  ueJibio  AaHHoK 
pa6oTU  aBJiaaocb  H3yneHHe  H3MeHeHHa  b  Scjikobom 
cocraBe  h  4>yHKUHOHaabHbix  xapaKTepHCTHKax  4>oto- 
CHHTCTHHeCKHX  MeM6paH  XJlOpOrUiaCTOB  nmeHHKbl 
npH  B03flefiCTBHH  p43AHHHbIX  KOHUeHTpaUHft  xaopHaa 


HaTpna. 

CeMeHa  AByx  coptob  nineHHUbi  (Triticum  durum 
L.copTa  BapaKaTjm-  95  h  Triticum  aestivum  L.  copra 
A3aMaTJiH-95)  h  auMeHa  (Hordeum  vulgare  L.)  nocae 
Ha6yxaHH a  b  TeneHHe  12  h.  npopantHBaan  3  AHa  b  noa- 
Hoii  TeMHOTe  b  HainKax  IleTpH,  cMoneHHbix  boaoh  npn 
({►aKTopocraTHbix  ycnoBHax.  JJauee  hx  riepeHecJiH  Ha 
OCBemeHHOCTb  npH  HHTeHCHBHOCTH  CBeTa  6000  jik,  12- 
nacoBOM  <])OTonepHoae  h  TeMneparype  25/20°C  (aeHb/ 
HOHb).  B  KanecTBe  (JjaKTopa,  Bbi3biBaiomero  3acoae- 
HHe,  Hcnojib30BajiH  xjiopHH  HaTpna  (NaCI).  JJjw  H3y- 
neHHa  BJiHHHHa  3acoaeHHa  Ha  7-8  AHeBHbie  npopocTKH 
nmeHHUbi  h  hhmchh  npHMeHaJiH  NaCI  b  KOHiteHT- 
paunax  100;  150;  200  h  250  mM  b  TeneHHH  72  h.  npo- 

pOCTKH  H3  KOHTpOJIbHbIX  H  06pa60TaHHbIX  KyAbTyp 

6bijih  co6paHbi  Ha  10-biii  AeHb  nocae  noceBa. 

BbiaeaeHHe  xaoponaacTOB  h  THaaKOHAHbix 
MeM6paH  npoBoanan  no  MeToay,  onncaHHOMy  b  pa6o- 
Te  [lJ.CoaepacaHHe  xaopo<])HAAOB  a  h  6  oneHHBaan  no 
cneKTpaM  noraomeHHa  80%-Hbix  aneTOHOBbix 
3KCTpaKTOB  JIHCTbeB  [14]. 

AHaaH3  noaHnenTHJXHoro  cocraBa  o6pa3UOB  ocy- 
mecTBaaan  nyTeM  aHaaHTHHecicoro  3aeKTpo(])ope3a  b 
rpazuieHTHOM  IIAAr(  10-25%)  c  Ds-Na  no  MeToay 
JleMMan  [11].  Tean  OKpamHBaan  b  TeneHHe  30  mhh 
0,04%-hhm  pacrBopoM  KyMaccH  G-250,  npHroTOBaeH- 
hhm  Ha  3,5%-hoh  xaopHoii  KHcaoTe  (HCIO4),  cKaHH- 

poBaHHe  naacTHH  npoH3BOAHaocb  Ha  aa3epH0M  aeH- 
cHTOMeTpe  ULTROSCAN-2202  ("JIKB”,  UlBeiwa  ). 

CneKTpaabHbie  H3MepeHKa  npH  77  K  npoBOAKAH 
Ha  aeyxayHeBOM  cneKTpo<]>oroMeTpe  Hitachi-557 
(BinoHHa)  h  Ha  cneKTpo<])ayopHMeTpe  Hitachi-850 
(ilnoHHa),  Kax  omicaHO  HaMH  paHee  [2].  Ootoxhmh- 
qecKyio  aKTHBHoerb  xaoponaacroB  onpeaeanaH  noaa- 
porpacJiHaecKHM  MeToaoM  no  BbiaeaeHHio  h  noraome- 
HHio  KHcaopoaa  c  Hcnoab30BaHHeM  naaTHHOBoro 
aaeKTpoaa  rana  Kaapxa  [3].  PeaKUHOHHaa  cpeaa  co- 
aepacaaa  80  mM  caxapo3y,  10  mM  NaCI,  10mM 
MgCB,  30  mM  Tpnc-HCI  6y<])ep,  pH  7.4.  CoaepacaHHe 

xaoponaacroB  b  cpeae  6biao  3KBHBaaeHTHo  100  MKr 
Xa. 

HaMH  o6HapyaceHO,  hto  Bbicoxaa  KOHneHTpauHH 
NaCI  conpoBoamaeTca  onpeaeaeHHbiMH  KaqecrBeH- 
HblMH  H  KOaHHeCTBeHHbIMH  H3MeHeHHBMH  B  COCTaBe 
MeM6paHHbix  6eaKOB.  HccaeaoBaHHbifl  HaMH  MeToa 
oAHOMepHoro  3aeicrpo(])ope3a  no3Boana  o6HapyacHTb 
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flHMeHi*  AmtaT/rM  BapaKaTJiH-95 
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20, 1 


Phc.1.  3-ieKTpo<})opcrpaMMa  ucviKon  THJiaKOHZiHbJX  vieMGpaH 
xjiopoiuiacroB  b  10-25%-hom  IlAAr  c  Ds-Na.  \l-cran;iap ihi,ic  6eJi- 
KH-MapKepu:  66  K^a  (Glihhh  cbiBoporoHiihiH  a.ibfiyM hh).  36  Kila 
(rJiHuepa^baerua-3-<{K>c(|>aTaerHjporeHH3a),  29  K^a  (KapSoaiinmpa- 
3a),  24  k/U  (TpnncHHoreH),  20,1  i<ila  (hiiitiChtop  ypHncmia),  14,4 
xJIa  (a-aaKTajibGyMHH).  3jieKTpo<t>ope3  6bin  nponeaeii  b  Tphc- 
rjiHUHHOBOM  6yi)>epe,  pH  8,3,  npH  4'C  b  Tewemie  14  h. 


okojio  25  nojioc  c  MOJieKyjiapHOH  Maccoft  ot  68  no  10 
Kj\a  (Phc.1).  B  otjihhhc  ot  copTa  mueHHUbi  EapaxaT- 
jih-95  h  HHMeHH,  y  copTa  A3aMaTJiH  Ha  3JieKTpo<J>oper- 
paMMe  Ha6jnonaeTca  Xji  a-6ejioK  OC  I  c  moji.  Maccofi 
okojio  120  kRu.  B  cjiynae  BapaKaTjra-95,  3Ta  nojioca 

BbIHBJIHeTCH  TOJIbKO  npH  B03fleflCTBHH  BbICOKOH  KO¬ 
HiieHTpaiiHH  NaCl  (250  mM).  AHaJiorHHHbie  naHHbie 
nojiyneHbi  h  b  pa6oTe  [10],  b  KOTopoii  noKa3aHo  yBejm- 
neHHe  conepacaHHH  OC  I  c  noBbiuieHHeM  KOHiiemr- 
pamm  NaCl. 

lion  fleficTBHeM  NaCl  b  cocraBe  h  conepacaHHH 
6ejncoB  CCK  h  uhtoxpom  btf  KOMiuieKca  3aMeTHbie 

H3MeHeHH»  He  HaOjiio^aJiHCb.  H3  3JieKTpo<i>operpaMMbi 
bhaho,  hto  nojinnenTHfl  b  oOjiacTH  34  K#a  o6Hapy*H- 
BaeTCa  B  KOHTpOJIbHbIX  npopOCTKaX  B  HH3KOM  kojih- 
necTBe  y  copTa  EapaKaTJiH-95,  ho  hhtchch bh ocrb  sto- 
ro  noJinnenTHfla  ycHJiHBaeTca  c  yBejiHHeHHeM  ko- 
HueHTpaiwH  cojih  b  cpejie,  hto  oco6chho  apxo  Bbipa- 
xceHO  npH  250  mM  NaCl.  3HaHHTejibHoe  HaKonjieHHe 
34  K/la  6ejiKa  (rax  Ha3BaHHbift  cdsp34)  6buio  Taioxe 
o6Hapy*eHo  b  ranaKOHAax,  noABeprHyTbix  BOAHOMy 
Ae<]>HiiHTy  [5]  h  nocae  npoMbiBaHHH  THJiaKonnHbix 
(JjpaKUHH  C  BbICOKOH  KOHlieHTpailHeH  COJIH  (300  mM). 
HMMyHO-6jIOTT  aHaJIH30M  6eJlKOB  H3  CTpOMbI  H  THJia- 
kohaob  rpaH  oOHapyaceHO,  hto  coAepacaHHe  cdsp34 
6ejiKa  6ojibme  b  JiaMejuiax  no  cpaBHemno  c  rpaHajib- 


HbiMH  THJiaxoH naM h .  TaKHM  o6pa30M,  mojkho  noaa- 
raTb,  hto  cdsp34  Gejiox  npeHMymecTBeHHo  JioKanH- 
3yeTCH  B  HeCTbIKOBaHHbIX  THJiaKOHUaX  CTpOMbI  H  HT- 
paeT  crpyKTypHyio  h  3amHTHyio  pojib  b  TOJiepaHTHOc- 
th  4>OTOCHHTeTHHecKHX  MeM0paH  k  3acojieHHio  h  3acy- 
xe. 

CorjiacHO  3JieKTpo(J>operpaMMe  (Phc.1),  chhtc3 
nojiHnenTHXia  b  o6jiacTH  17,5  K^a  Taxace  ycHJiHBaerca 
c  yBejiHHeHHeM  KOHiieHTpaiiHH  cojih.  O/maKO  hhth6h- 
Topbi  CHHTe3a  OejiKa  b  xjioponjiacrax  h  miToiuia3Me 
(JIHHKOMHUHH  H  UHKJIOreKCHMHA  COOTBeTCTBeHHO)  B 
npHcyrcTBHH  200  mM  xjiopH^a  HaTpna  noHTH  noji- 
HocTbio  nojiaBJunoT  chhtc3  3toto  6ejnca.  Ilpn  stom  h 
yMeHbinaeTca  chhtc3  a  -  h  P  -  cy6i>eAHHHiibi  BHemHero 
AOMeHa  CFi  ATO-CHHTa3Horo  KOMiuieKca. 

YcHJieHHbiH  cHHTe3  cdsp34  h  17,5  K#a  nojmnen- 
thaob  npn  crpecce,  Bbi3BaHHOM  xjiopnaoM  HaTpna, 
npeOTOJiaraeT  cymecrBeHHyio  pojib  sthx  nojmnerrrH- 
AOB  B  3amHTHOM  MeXaHH3Me  <])OTOCHHTeTHHeCKHX 
MeMOpaH. 

06pa6oTKa  pacTeHHfi  b  cpeAe  pa3JiHHHbiMH  ko- 
HiieHTpaiiHaMH  cojih  Bbi3biBaer  h  onpenejieHHbie  H3- 
MeHeHHH  b  HaTHBHOM  cocToaHHH  nHTMeHTHoro  anna- 
paTa  xjioponjiacroB. 

B  HH3KOTeMnepaTypHOM  cneKTpe  (Juryopecue- 
hiihh  (77  K)  y  o6pa6oTaHHbix  xjiopoiuiacroB  (150  mM 
NaCl)  raaBHaa  nonoca,  KOTopaa  Ji0KajiH30BaHa  npn 
740-741  hm  y  KOHTpojia,  cABHraerca  Ha  3-4  hm  b  ko- 
pOTKOBOJIHOByiO  o6jiaCTb  (PHC.2).  OuHO BpeMeHHO 
yMeHbinaeTCa  HHTeHCHBHOCTb  nOJIOC  B  KOpOTKOBOJIHO- 
BOH  o6jiacTH  npn  687  h  696  hm.  Ilojiocbi  npn  687  h  696 
hm  o6ycjioBJieHbi  HcnycKamieM  airreHHbi  KOMiuieKca 
OC  II,  Toraa  Kax  HanSojiee  HHTeHCHBHaa  nojioca  b 
HH3KOTeMnepaTypHOM  cneKTpe  (JwiyopeciieHiiHH  bmc- 
iuhx  pacTeHHH  npn  740  hm  o6ycjiOBJieHa  HcnycKaHHeM 
XJIOpO(])HJIJIOB,  CBH3aHHbIX  CO  CBeTOC06HpaiOmHM 
KOMiuiexcoM  <PC  I  (CCK  I)  [15].  3th  H3MeHeHHa  b 
cneKTpe  6ojiee  3aMeTHbi  npn  achctbhh  200  mM  NaCl  h 
npn  3tom  cHJibHO  yMeHbmaeTCH  cooTHomeHHe 
F736/F687.  Ecjih  xjioponjiacrbi  HHKyfiHposaTB  b  cpeAe 

C  HH3KOH  KOHUeHTpaimeH  COJIH  H  BaJieHTHOCTH  HOHOB, 
KOMiuiexcbi  <PC  I  BtweJiaioTca  b  BHue  TpHMepoB.  06- 
pa6oTKa  b  cpene  c  bmcokoh  KOHneHTpaimen  cojih 
(OKOJIO  150  mM)  npHBOJIHT  K  BbUiejieHHIO  H3  T3KHX 
MeMOpaH,  TJiaBHblM  o6pa30M,  MOHOMepHbIX  KOMIUieK- 
cob.  Momcho  npennojiaraTb,  hto  3JieicrpocTaTHHecKoe 
B03aeflcTBHe  cojiefl  Ha  jiHHKepHbie  6ejiKH  KOMiuieKca 
OC  I  npHBOJIHT  k  ,ne3arperaiiHH  TpHMepoB,  b  pe3yjib- 
TaTe  npoHcxojwT  HapyineHHe  nepepacnpenejieHHa 
3HeprHH  Meamy  <t»C  I  h  OC  II.  HMeioTca  b  JiHTepaType 
HaHHbie,  HTO  0TMbIB3HHe  COJieft  H3  MeM6paH  IIHaHO- 
6aKTeprai  Spirulina,  HHKy6HpoBaHHbix  b  cpejie  c  cojw- 
MH  B  KOHiieHTpaiiHH  150  mM,  BbI3bIBaeT  o6paTHMyiO 
arperaiinio  MOHOMepoB  b  TpHMepbi,  hto  npocjieacHBa- 
Jiocb  no  ycHJieHHio  hht6Hchbhocth  <])JiyopeciieHiiHH 
npn  760  hm  [10]. 
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HerTBepTwe  npoH3BojiHbie  cneicrpoB  nornomeHHa 
(A")  HcaieflOBaHHbix  npenapaTOB  noKa3ajiH,  hto  pa3- 
jiHHHbie  KOHueHTpaiwH  NaCl  He  npuBojurr  k  oco6biM 
H3MeHCHHHM  B  JIOKaJIH3aUHH  H  OpraHH3ai|HH  HaTHB- 
HblX  4>OpM  XJ10p0(J)HJIJia  (pHCyHOK  He  npHBOflHTCH). 
IIpH  3TOM  yBeJIHHHBaeTCH  HHTeHCHBHOCTb  noJIOCbl  Xn 
a  npn  683  hm  (oco6chho  y  copra  EapaKTJiH  -95-  nonra 
b  2  pa3a).  HaMH  o6HapyweHO,  hto  b  npHcyrcTBHH  200 
mM  NaCl ,  eaiH  b  cpeny  no6aBHTb  HHrH6HTop  Tpanc- 
jiaUHH  b  xnoponnacrax  -  jihhkomhuhh,  Ha  cneicrpe 
yBejiHHHBaioTCfl  HHTeHCHBHocm  nonoc  Xji  6  npn  648 
hm  H  Xji  a  npn  676  hm,  KOTopbie  othocht  k  CCK  h  3a- 
MeTHO  yMeHbmaeTca  conepHcamte  <j>opMbi  Xn  a  npH 
683  hm. 

OflHOBpeMeHHO  nonHocrbio  HCHe3aK>T  nonocbi 
npH  696  h  704  hm.  A  b  onbiTax  c  uHRnorexcHMHnoM  - 
hhth6htopom  TpaHCJimuiH  b  uHTonna3Me,  Hao6opoT, 
yMeHbinaeTca  HHTeHCHBHOCTb  nonocbi  Xn  a  npH  676 
hm  h  Hcne3aK>T  AJiHHHOBonHOBbie  <J>opMbi  xnopo^nn- 
na.  npeanonaraercH,  hto  nnHHHGBonHOBbie  4>opMbi 
Xn  4>oicycHpyioT  aHeprmo  Ha  PH,  HnH  3anmmaioT  PH 
ot  H36bmca  3HeprHH  B036yxmeHHn.  HannHwe  6onbine- 
ro  HHcna  /yiHHHOBonHOBbix  (jiopM  xno-pocj)  junta  b  aa- 
pax  nHTMeHT-6enKOBbix  xoMnnexcoB  OC  I  yKa3biBaeT 
Ha  HX  ponb  B  MHTpaUHH  3HeprHH  OT  aHTeHHbl  k  P680 
hjih  b  3amHTe  xoMnnexca  ot  <J)OTonecTpyKUHH. 

3HaHHTenbHbie  H3MeHeHH«  Ha6monaioTCH  h  b  4>o- 
TOXHMHHeCKOfl  aKTHBHOCTH  XJIOpOIUiaCTOB  npH  3aC0- 
neHHH.  AKTHBHOCTb  BbiflejieHHa  KHcnopofla  (Tecr  Ha 
cpC  II)  y  o6pa6oTaHHbK  npenapaTOB  yBeJiHHHBaeTca  c 
noBbiineHHeM  KOHiteHTpaiinn  xnopana  HaTpwa,  noxo- 
aht  no  MaxcHMyMa  npw  200  mM  h  3aTeM  cunbHo 
yMeHbmaeTCH.  IIpH  HHKy6anHH  npenapaTOB  c  250  mM 
NaCl,  CKopocTb  BbineneHHa  KHcnopona  Ha  90%  HHnt- 
6HpyeTca. 

CornacHO  nHTepaiype,  AooaBneHHe  23  R/J,a  oen- 
xa  k  THnaKoanaM  npH  HH3xoft  noHHoft  cnne  Boccra- 
HaBnnBaeT  6onbine  nonoBHHbi  noTepjtHHoit  aKTHBHOc 


th  <PC  II  [21].  OflHaKO,  jo6aBJieHHeM  16  x/Ja  6enxa 
Hjni  xoMSHHanHa  ero  c  rnHuepHHOM  He  npoaBnner  no- 
no*HTenbHoro  3(])<l)exTa.  Ha  ocHOBe  arax  naHHbrx 
M05KHO  nonaraTb,  hto  23  x/Ia  nonHnenTHfl  HBJiaeTcn 
BaacHbiM  ROMHOHeHTOM  y  NaCl  ananTHpoBaHHbix  xne- 
tor  h  6onee  TecHo  cBa3aH  c  ROMimexcoM  <PC II.  06Ha- 
pyaceHO  Taxxce,  hto  ncnonb30BaHHbie  ROHneHTpauHH 
NaCl  Bbi3biBaioT  yMeHbmeHHe  (xoTa  h  He3HaHHTenb- 
Hoe)  aRTHBHOCTH  OC  I. 

TaxHM  o6pa30M,  nonyneHHbie  pe3ynbTaTbi  cbh- 
neTenbCTByioT  o  3HaHHTejibHoft  nepecTponxe  b  <J>oto- 
cHHTeTHHecxoM  annapaTe  HccneflOBarntbix  pacreHHH  b 
xone  ananTauHH  r  ycnoBHaM  noBbimeiraa  3aconeHna. 
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